U SE OF AUTOMATED EXTERnal defibrillators (AEDs) has been proposed as a strategy to reduce times to defibrillation and improve survival from cardiac arrests that occur in the hospital setting.
1,2 However, current evidence to support the use of AEDs in hospitals has been mixed and limited to singlecenter studies. 3, 4 Although some studies have shown that AEDs improve survival for out-of-hospital cardiac arrests occurring in certain public locations in which 45% to 71% of cases are treatable with defibrillation, [5] [6] [7] these devices may be less effective or potentially harmful when used in hospitals where only 1 in 5 hospitalized patients have initial cardiac arrest rhythms that respond to defibrillation. 8 Furthermore, the use of AEDs requires manual application of defibrillator pads and automated rhythm analysis to determine whether a cardiac arrest rhythm is "shockable" or not. Both steps may lead to interruptions in continuous chest compressions that are delivered during the critical first minutes of acute resuscitation and adversely affect survival. Before the widespread dissemination of AEDs in hospitals, it therefore becomes critical to demonstrate that AED use improves survival.
Accordingly, we used data from the National Registry of Cardiopulmonary Resuscitation (NRCPR) to evaluate the association of AED use and sur-vival after an in-hospital cardiac arrest. The large size of the NRCPR permits a more detailed analysis of AED use stratified by the initial cardiac arrest rhythm and location of the cardiac arrestboth of which are factors that may be related to its effectiveness in hospitalized patients.
METHODS

Study Design
The NRCPR is a large, prospective, quality improvement registry of in-hospital cardiac arrests, and its design has been previously described in detail. 8 Briefly, all patients with cardiac arrest (defined as the absence of a palpable central pulse, apnea, and unresponsiveness) and without do-not-resuscitate orders are identified and enrolled by specially trained quality improvement personnel. Cases are identified by multiple methods, including centralized collection of cardiac arrest flow sheets; reviews of hospital paging system logs; and routine checks of code carts, pharmacy tracer drug records, and hospital billing charges for use of resuscitation medications. 8 The NRCPR uses standardized Utstein-style definitions, which are a template of uniform reporting guidelines developed by international experts, for defining patient variables and outcomes to facilitate uniform reporting across hospitals. 9, 10 Data accuracy is ensured by rigorous certification of hospital staff and use of standardized software with data checks for data completeness and accuracy. 11 For this study, the institutional review board of the Mid America Heart Institute waived the requirement for informed consent, and the study protocol was approved by the NRCPR.
Study Population
Our cohort was derived from 550 acute care hospitals that provided at least 6 months of data to the NRCPR between January 1, 2000, and August 26, 2008 . Within these hospitals, we identified 110 132 patients aged 18 years or older with an index pulseless inhospital cardiac arrest. Given the focus of our analysis, we included only those patients with cardiac arrests occurring in general hospital wards where AEDs are most likely to be deployed. After these exclusions, there remained 31 838 cardiac arrests occurring in general hospital wards.
Next, we restricted our analyses to those hospitals in which an AED was used in at least 1 cardiac arrest, leading us to exclude an additional 14 185 cardiac arrests from 346 hospitals without AEDs. Because hospitals in our sample introduced AEDs at varying time points between 2000 and 2008, we only included cardiac arrest cases submitted after the first date documenting AED use within respective monitored and nonmonitored units in each hospital (5958 arrests excluded) to ensure that comparisons involved contemporary patients in the same facility. The final study sample included 11 695 patients from 204 hospitals (FIGURE).
AED and Outcomes
The key independent variable was whether an AED was used during the initial assessment of a patient to determine the cardiac arrest rhythm and appropriateness of defibrillation. As such, AED use included either stand-alone, automated devices that are commercially available or manual defibrillators placed in AED mode.
The primary outcome was survival to hospital discharge. In addition, we examined as secondary outcomes return of spontaneous circulation (ROSC) for at least 20 minutes during the acute resuscitation, survival at 24 hours, and neurological status among those surviving to hospital discharge. Neurological status was assessed using previously developed Cerebral Performance Categories (CPCs), 12 and we classified patients as being without (CPC score of 1) or with (CPC scores of Ͼ1) major neurological disability. 13 Data were missing for survival at 24 hours in 74 patients (0.6%) and for CPC scores in 267 survivors (12.6%), and rates of missing data for these outcomes were similar (P Ͼ .10) in the AED and non-AED groups. Otherwise, data for all other outcomes, as well as patient characteristics, were complete.
Statistical Analyses
Patients were classified by their initial cardiac arrest rhythm (ventricular fibrillation, pulseless ventricular tachycardia, asystole, or pulseless electrical activity). Baseline differences between patients in whom AEDs were and were not used were evaluated using 2 tests for categorical variables and t tests for continuous variables. In addition, Wilcoxon rank sum tests were used for comparisons of time-related variables with nonnormal distributions.
Multivariable hierarchical regression models were used to assess the relationship between AED use and survival. We used 2-level hierarchical models to adjust for clustering of outcomes within hospitals, with individual hospitals modeled as random effects and other patient and hospital characteristics modeled as fixed effects within each hospital.
14 This approach allowed us to control for measured and unmeasured betweenhospital confounding, as the use of hierarchical models ensured that patients assessed with AEDs were only compared with patients not assessed with AEDs from the same hospital. AM) and day (weekday vs weekend) of cardiac arrest, 11 use of a hospital-wide cardiopulmonary arrest alert, comorbidities or medical conditions present prior to cardiac arrest (congestive heart failure, myocardial infarction, or diabetes mellitus; renal, hepatic, or respiratory insufficiency; baseline evidence of motor, cognitive, or functional deficits [central nervous system depression]; acute stroke; acute nonstroke neurological disorder; pneumonia; hypotension; sepsis; major trauma; metabolic or electrolyte abnormality; and metastatic or hematologic malignancy), and the proportion of cardiac arrests evaluated by an AED at each hospital. Because survival rates exceeded 10%, we used modified Poisson regression models with robust variance estimates at all steps to directly estimate rate ratios (RRs), as odds ratios obtained from logistic regression may overestimate survival differences when the frequency of the outcome of interest is not rare (eg, Ͼ10%).
15,16
The association between AED use and survival was further examined after categorizing patients based on the responsiveness of the initial cardiac arrest rhythm to defibrillation. Nonshockable rhythms were asystole and pulseless electrical activity, while shockable rhythms were ventricular fibrillation and pulseless ventricular tachycardia. In analyses of arrests due to ventricular fibrillation and pulseless ventricular tachycardia, models also adjusted for time to defibrillation. Based on prior work, time to defibrillation was calculated as the time from initial recognition of the cardiac arrest to the time of first attempted defibrillation and was examined as both a continuous variable and as delayed (Ͼ2 minutes) vs not delayed (Յ2 minutes). 13, 17 Furthermore, we examined for an interaction between AED use and monitoring status for the outcome of survival to discharge.
As a sensitivity analysis, we repeated our analyses for the outcome of survival to discharge after further matching patients within each hospital by (1) the specific hospital ward in which cardiac arrests occurred and (2) the hospital ward and calendar year of the arrest, comparing outcomes in both instances using Cochran-MantelHaenszel tests that were stratified by matched sets. 18 We also modeled time as 6-month periods after AED implementation in each hospital within our hierarchical models and tested for a temporal trend for survival to discharge after AED implementation. These analyses allowed us to additionally control for variation in the quality of care that may exist across wards within each hospital and to evaluate whether there were temporal trends in the association between AED use and survival.
To assess the robustness of our findings, we performed a propensity score analysis to compare survival between the AED groups. [19] [20] [21] Separate propensity score models for AED use were constructed for patients with cardiac arrests due to shockable (C statistic of 0.81) and nonshockable rhythms (C statistic of 0.82). All variables used in the hierarchical models described in this section, as well as the hospital center, were included as covariates in multivariable logistic regression models to derive the propensity scores. Then, within each rhythm group, we conducted a 1:1 propensity score match between patients assessed and not assessed with AEDs, using an algorithm match with a caliper width no greater than 0.2 times the standard deviation of the logit of the propensity score. 22 This resulted in a successful match for 3004 patients in whom AEDs were used. We confirmed that AED and non-AED patients were well balanced in covariates after propensity score matching by ensuring that standardized differences between the AED groups for each covariate were less than 10. 23 The association between AED use and survival to discharge was then assessed using the Cochran-Mantel-Haenszel test to ensure comparisons between matched patients. 18 We also constructed multivariable hierarchical models to examine the association between AED use and the secondary outcomes of ROSC, survival at 24 hours, and major neurological disability among those surviving to discharge. To further explore our findings, we examined the association of AED use on time to defibrillation, number of defibrillations administered, and duration of the acute resuscitation in those patients with ROSC. Resuscitation time was calculated as the time from initial recognition of the cardiac arrest to the time of ROSC.
Because AEDs are expected to influence survival only in cardiac arrests due to ventricular fibrillation or pulseless ventricular tachycardia, we conducted a retrospective power analysis for these rhythms. Given the rate of survival to discharge in the non-AED group, our patient sample, and a 2-sided significance level of .05, our study had 95% statistical power to detect a 20% increase, and 78% statistical power to detect a 15% increase, in survival with AED use.
All subgroup and secondary analyses were prespecified. Goodness of fit (Hosmer-Lemeshow statistic) and calibration plots were confirmed for each of the models. For each analysis, the null hypothesis was evaluated at a 2-sided significance level of .05, with 95% confidence intervals (CIs) calculated using robust standard errors. All analyses were performed with SAS version 9.2 (SAS Institute, Cary, North Carolina) and R version 2.10.0.
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RESULTS
We identified 11 695 patients with cardiac arrests at 204 hospitals after the introduction of AEDs. Of these, 2079 (17.8%) had shockable rhythms, such as ventricular fibrillation or pulseless ventricular tachycardia, and 9616 (82.2%) had nonshockable rhythms, such as asystole or pulseless electrical activity. AEDs were used to assess initial rhythm in 4515 patients (38.6%). TABLE 1 and TABLE 2 display patient, cardiac arrest, and hospital characteristics according to whether an AED was used or not. There were no differences by age or sex, although the rate of AED use was slightly higher among black patients. AED use also was more likely in nonmonitored hospital wards and for cardiac arrests due to pulseless ventricular tachycardia or ventricular fibrillation. There were no differences in rates of AED use for the majority of other clinical factors.
Survival to Discharge
Overall, 2117 patients (18.1%) survived to hospital discharge. Within the entire study population, the rate of survival to hospital discharge was 16 The association between AED use and survival to discharge differed by the initial cardiac arrest rhythm (P=.001 for interaction) ( These relationships between AED use and survival were consistent in monitored and nonmonitored hospital units for each rhythm type (P Ͼ .10 for interaction between AED use and monitoring status for each rhythm type). Our results remained essentially unchanged when we repeated these analyses (1) after matching 7027 patients (60.1%) to the individual unit in the hospital where the arrest occurred and additionally by calendar year (eTable 1, available at http://www.jama.com) and (2) when using a matched propensity score analysis (eTable 2). In addition, we examined whether our results differed over time after AED implementation and found no evidence for an interaction (P=.91 for interaction) between the first and subsequent years of implementation (eTable 3) or for a temporal trend when time was modeled as a continuous variable (P=.59 for trend).
Among patients surviving to hospital discharge, AED use was not associated with major neurological disability. This finding was consistent for the entire cohort and when stratified by either rhythm type or monitoring status (TABLE 4) .
Secondary Outcomes
For the majority of patients who had cardiac arrests due to asystole or pulseless electrical activity, rates of ROSC were similar with and without AED use (Table 4) . However, AED use was as- (Table 4) . AED use was not associated with shorter times to defibrillation and, among those with ROSC, was not associated with shorter cardiopulmonary resuscitation times or fewer administered defibrillations (eTable 4).
COMMENT
We found that AED use was not associated with improved survival to discharge in hospitalized patients with cardiac arrest. AED use was associated with a lower rate of survival in cardiac arrests due to nonshockable rhythms, such as asystole or pulseless electrical activity. Such events accounted for more than 4 of 5 cardiac arrests in the hospitalized setting. For cardiac arrests due to shockable rhythms, such as pulseless ventricular tachycardia or ventricular fibrillation, AED use was not linked to improved survival or shorter Prior observational studies on AED use in hospitals have yielded conflicting results. One study found that survival improved from 4.9% to 12.8% (P = .001) after implementation of an AED program within a hospital, 3 whereas a second study found no significant association between AED use and survival (18% vs 23%; P = .09). 4 Both studies were limited due to small samples. Using a much larger sample of patients at more than 200 hospitals, we were able to evaluate the association of AED use and survival based on the initial cardiac arrest rhythm as well as in both monitored and nonmonitored hospital units.
Our results may appear surprising because AEDs have been shown to improve survival for witnessed out-ofhospital cardiac arrests in public locations. [5] [6] [7] However, our results may differ substantially from those investigations due to differences in the initial cardiac arrest rhythm. In the out-ofhospital setting, 45% 6 to 71% 7 of initial arrest rhythms in certain public locations are due to pulseless ventricular tachycardia or ventricular fibrillation. In contrast, only 18% of the inhospital cardiac arrests in our study were due to these shockable rhythms. This premise is further supported by the results of the Home Use of Automated External Defibrillators for Sudden Cardiac Arrest Trial. Although that trial evaluated the effect of AEDs in out-ofhospital cardiac arrests, only 14% of arrests were witnessed and treatable by an AED resulting in no effect of these devices on survival. 25 Of particular concern was our finding that AED use was associated with lower survival in cardiac arrests due to asystole or pulseless electrical activity. The long time period required for using an AED to assess initial cardiac arrest rhythm may suggest a mechanism for this finding. Manual application of defibrillator pads and initial rhythm analysis with an AED have been shown to take between 46 and 52 seconds. 26, 27 Therefore, the time required to use an AED to assess these nonshockable cardiac arrest rhythms may lead to longer interruptions of continuous chest compressions during the first few minutes of resuscitation, when effective cardiac perfusion to vital organs is most critical. [28] [29] [30] We found that, among patients surviving the acute resuscitation, AED use was associated with longer resuscitation periods to achieve ROSC for asystole and pulseless electrical activityperhaps owing to longer periods without chest compressions during the initial minutes-and lower survival as early as 24 hours after cardiac arrest. Because the magnitude of survival difference was apparent within 24 hours from cardiac arrest, the lower survival associated with AED use for cardiac arrests due to these rhythms was likely attributable to factors occurring during acute resuscitation (eg, longer resuscitation period to achieve ROSC), rather than after resuscitation.
We did not find a survival benefit with AED use in patients with a cardiac arrest due to pulseless ventricular tachycardia or ventricular fibrillation. In large part, this may be because AED use was not associated with shorter times to defibrillation. While it is possible that the time of arrival of an AED to a patient's bedside was shorter than the time required for a conventional defibrillator, this gain may have been offset by the time required to manually apply defibrillator pads and await automated rhythm analysis. In ad- Abbreviations: AED, automated external defibrillator; CI, confidence interval; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation; RR, rate ratio; VF, ventricular fibrillation; VT, ventricular tachycardia. a Crude and adjusted rates for survival with major neurological disability, ROSC, and survival at 24 hours by AED use are shown. b Adjusted for hospital site and patient and hospital factors using hierarchical models. dition, repeat rhythm assessment with an AED after defibrillation takes, on average, 46 seconds prior to resumption of chest compressions, 26, 31 which is 24 seconds longer than with a conventional defibrillator, thus extending the period without continuous chest compressions for patients who do not initially respond to defibrillation. 26 It is also possible that AEDs may not be as effective in the initial treatment of ventricular tachyarrhythmias as compared with conventional defibrillators, in which defibrillation energies are manually chosen. The Food and Drug Administration issued a communication expressing concerns of suboptimal defibrillation energy levels delivered during the initial shock by AEDs. 32 Also, suboptimal implementation of an AED program and poor training of hospital staff in the use of AEDs may have attenuated the potential benefits of AEDs for cardiac arrests due to shockable rhythms in our study. Future studies with detailed data on AED use, resuscitation process-of-care times, and hospital-level AED implementation are needed to clarify the reasons for the lack of benefit of AEDs in these rhythms.
Despite a lack of data on the potential benefit of AEDs in the in-hospital setting, hospitals have increasingly adopted the use of AEDs in patient areas in response to local and national efforts to improve defibrillation time and resuscitation survival. Between 2003 and 2008, more than 50 000 AED units were sold to US hospitals, and marketing reports project annual sales growth of 9% to 12% over the next 5 years. 33 In our study sample, we found that 37% (204/550) of hospitals within the NRCPR had introduced AEDs into their general patient care areas by 2008. In light of our data, national organizations and hospitals may need to reconsider the use of AEDs in general hospital ward units or develop different strategies for using them.
Our study should be interpreted in the context of the following limitations. First, although data available in the NRCPR allowed us to adjust for a number of key variables that have been linked to survival after cardiac arrest, our study used an observational design and the possibility of residual confounding remains. Despite our use of robust statistical methods, our findingsrequirefurtherconfirmationwith arandomizedcontrolledtrial.Second,the NRCPR did not collect data on the time of arrival of an AED to the patient's bedside, the time required for automated rhythm analysis, and the extent of interruptionsofchestcompressions.Suchdata may have been helpful in explaining our findings but are often difficult to obtain or document accurately. Similarly, while wehaddataontimetodefibrillation,there may be inaccuracies in its documentation. 34 Nevertheless,theprimaryoutcome in this study was survival to discharge, and we examined defibrillation time as an explanatory variable for some of our findings.
Third, the NRCPR did not collect data about the AED implementation strategy at each hospital. This prevented us from better understanding whether our study findings could have been due to a failure of AED implementation, poor training of hospital personnel, or lack of integration with other hospital quality improvement initiatives, such as rapid response teams. Fourth, it is possible that some AEDs were used in manual mode. However, while use of the AED in manual mode may explain our null findings in shockable rhythms, it cannot explain worse survival in patients with nonshockable rhythms.
Fifth, we did not have information as to why an AED was or was not used for a given cardiac arrest despite its availability at the institution and even on the individual unit of the hospital. For example, it remains possible that AEDs were more commonly used by health care professionals with less training in resuscitation interventions. Finally, the NRCPR is a quality improvement registry that collects cardiac arrest data from a diverse population of US hospitals. Although these facilities represent nearly 15% of US hospitals with more than 250 beds, the association of AED use and survival may be different in nonparticipating hospitals.
In conclusion, we found that use of AEDs among hospitalized patients with cardiac arrests was not associated with improved survival. While randomized controlled trials are needed to confirm these findings, current use of AEDs in hospitalized patients may warrant reconsideration. 
